The obligations of the EU Biodiversity Strategy 2020 create a need for mapping and assessment of the state of biodiversity, ecosystems and their services in all European member states. Europe's nine Outermost Regions (ORs) and 25 Overseas Countries and Territories (OCTs) are mainly islands, scattered around the globe. These territories contain unique flora and fauna and encompass diverse ecosystems, from coral reefs to rainforests. These highly diverse ecosystems provide multiple relevant ecosystem services from local to global scale. To date, the ecosystem services concept has so far received little attention in European ORs and OCTs. Therefore, our aims were (1) to analyse the current state of ecosystem services mapping and assessment in Europe's overseas territories, (2) to identify knowledge gaps in the context of ecosystem service research and application and (3) to provide recommendations for future research and policy directions to fill these gaps. We conducted a systematic review of scientific literature for each of the ORs and OCTs, screening 1030 publications. The analysis resulted in 161 publications referring to ES mapping and assessment, of which most were conducted in the European Caribbean spots in terms of ecosystem service mapping and assessment and that, despite many biodiversity studies referring to species' abundance, little has been published on ecosystem services. Our systematic review highlights theknowledge lacking on dealing with invasive species, which pose major threats to native island biodiversity, ecosystem functions and ecosystem services. Further, it discusses knowledge gaps in (1) translation of information on island biodiversity and ecosystem functions into ES; (2) geographical coverage of mapping studies in most ORs and OCTs; (3) the lack of standardised approaches and integrated assessments to map, assess and value ecosystem services. Based on these results, future research and policy priorities could be adapted in order to focus on filling these gaps. To overcome current environmental policy challenges, it is crucial to address the ongoing decline in biodiversity, rising climatic and anthropogenic pressures on ecosystems and to maintain a sustainable ES flow to safeguard human well-being. Ultimately, ES mapping and assessment efforts will form the knowledge base for wellinformed decision-making to protect Europe's vulnerable overseas areas.
Introduction
Mapping and Assessment of Ecosystems and their Services (MAES) have received growing attention within the European scientific, policy and practitioner communities to safeguard biodiversity and sustain land use management . The work of the European Commission's MAES Working Group*1 contributes to the EU Biodiversity Strategy to 2020, which foresees in Target 2, Action 5 that all member states shall "map and assess the state of ecosystems and their services in their national territory by 2014, assess the economic value of such services, and promote the integration of these values into accounting and reporting systems at EU and national level by 2020" (European Commission 2011, p.12) . In line with the Millennium Ecosystem Assessment (Millennium Ecosystem Assessment 2005) , MAES aims to provide a critical evaluation of information available to guide decision-making on natural resources management and achieve no net loss of species and biodiversity on EU territories. Ultimately, such assessments of ecosystems and their services can address a broad range of policyrelevant questions, for example on key drivers causing change to ecosystems and ecosystem services (ES) or how to address degradation of ecosystems and biodiversity loss , Bouwma et al. 2018 . In this study, we differentiate between the MAES implementation process, which refers to the concrete EU-guided process of implementation of Action 5 in EU member states under the framework of the EU Biodiversity Strategy and the terms "ES mapping and assessment". The latter refers to the processes, methods and data collection taking place to create maps of ecosystems and ES and/or to value and assess ecosystems and their services. The outcomes are usually spatially explicit maps of ES supply or demand, which are a very important tool for bringing ES into practical application (Burkhard and Maes 2017) .
Extensive mapping and assessment efforts can be seen on the European mainland (e.g. EU-initiated initiatives and projects such as MAES, ESMERALDA*2 and CICES*3). A growing number of studies and approaches has been published on the topic of ES mapping (Crossman et al. 2012, Burkhard and Maes 2017) . Although following different conceptual frameworks, most mapping studies have started to distinguish between ES potential (or capacity), flow and demand (Syrbe et al. 2017 , Villamagna et al. 2013 , as well as benefits (Bastian et al. 2012) . Comprehensive national ecosystem assessments have already been provided by various EU member states such as the United Kingdom (UK NEA 2011), Spain , the Netherlands (De Knegt 2014), France (Ministère de l'Environnement, de l'Énergie, et de la Mer 2015) and Portugal (Pereira et al. 2009 ) (see also Schröter et al. 2016) . The latter includes ecosystem assessment profiles with scenario building available for the EU outermost region of the Azores (Borges et al. 2009 ).
Europe's Outermost Regions (ORs) and Overseas Countries and Territories (OCTs) often seem to be overlooked in MAES efforts. ORs are territories located at distance from continental Europe but make up substantial parts of EU Member State's territories. ORs include the Azores, Madeira, Canary Islands and the French Overseas departments of French Guiana, Guadeloupe, Martinique, Saint Martin, La Réunion and Mayotte. OCTs are territories that have a special bond with EU Member States of either France, United Kingdom, Denmark or the Netherlands. These 25 territories are associated by EU law rather than by constitutional law of an EU Member State (Kochenov 2013) . According to the 'Treaty on the Functioning of the European Union', ORs and some OCTs comply with primary and secondary European Union Law. Derogation rules are based on differing legal status and the "structural social and economic situation […] which is compounded by their remoteness, insularity, small size, difficult topography and climate [etc.]" (EU 2016, p. 195) .
The EU overseas areas are rich in biodiversity and natural resources, ranging from polar seas in Greenland, wetlands, coral reefs and volcanic islands to tropical forests (Petit and Prudent 2008) . In total, these areas host more than 70% of all EU biodiversity and include 20% of the world's coral reefs and lagoons (Petit and Prudent 2008) . Together, these areas provide also the world's largest Exclusive Economic Zone (EEZ) of 15 million km² with access to global key fishing grounds. Most ORs and OCTs are small island states. Therefore, they heavily rely on natural resources, such as marine and coastal ecosystems (Wong et al. 2005 or montane forests (Borges et al. 2009 ). All these ecosystems play an important role in the protection of island biodiversity and frequently serve as 'green infrastructure'. These ecosystems are providing a variety of ES of global and regional importance (e.g. water regulation, erosion control, pollination, pest-control, food supply and recreation), which translate to a substantial but often unrecognised contribution to local island economies (Borges et al. 2009 ). They are furthermore providing crucial contributions to the tourism sector (Wong 1993, UNEP and PAP/RAC. 2009 ) and many cultural ES depend on natural diversity and healthy ecosystems (Worm et al. 2006) . Today, ecosystems in many ORs and OCTs are threatened. Temperate, semi-tropical and tropical oceanic islands have experienced serious lowland clearance, leading to land cover and land use changes, forcing the last remnants of pre-human pristine forest to higher elevations. In addition, the complex interplay between the EU Agriculture Policies (EU mainland-driven) and land use intensification in small territories have affected native ecosystems severely (Borges et al. 2009 ). The introduction of invasive species has altered many ecosystems irreversibly, often with yet unknown effects (Vila and Hulme 2017). Economic activities such as overexploitation of fishing grounds (Hutchings 2000) , intensive nickel or gold mining (e.g. Greenland, New Caledonia or French Guiana (Douine et al. 2017) ) jeopardise the health of key ecosystems and people and are generating conflict. Natural and anthropogenic climatic changes put additional pressures on ecosystems and biodiversity (Thomas et al. 2004) as they are expected to increase risks of diseases, challenge vegetation sensitive to temperature increases, accelerate coral bleaching (Heron et al. 2016 ) and increase extreme weather events. Just recently, this has been demonstrated by tropical storms and hurricanes, such as hurricanes Irma and Maria on the Caribbean islands of Turks and Caicos, the British Virgin Islands or St. Martin (Unsworth et al. 2017) , threatening human lives, affecting fisheries, tourism and destroying crucial coastal and marine ecosystems. Without knowledge and sufficient information on the condition of ecosystems and the services they provide, it becomes difficult to assess human dependence on functioning ecosystems and other interactions in complex adaptive social-ecological systems (Millennium Ecosystem Assessment 2005) .
The EU has started to protect key ecosystem functions and services in terrestrial and marine overseas environments. In 2010, the European Parliament approved a Preparatory Action inspired by the voluntary scheme for Biodiversity and ES in Territories of European Overseas (BEST*4), initially proposed by the Message from Réunion (European Commission 2008). The BEST initiative mobilises local stakeholders to identify priority areas for action and channels funding from different sources to research and conservation projects. The development of "Essential Biodiversity Indicator Variables" is recognised by BEST as one of the priorities for the European overseas islands. Demands on islands for food, clean water, fertile soils and timber are growing but little is known about the impacts of climatic changes on the ecosystems providing these ES. During the International Conference on Biodiversity and Climate Change (IUCN 2014), a roadmap was proposed to define actions to counter biodiversity loss and climate change impacts in ORs and OCTs. In addition to the BEST programme, various projects have been set up to meet the goals of the EU Biodiversity Strategy. The NetBiome-CSA*5 and its predecessor, for example, have focused on strengthening research partnerships concerning biodiversity since 2010.
Despite these efforts, a review of EU-wide databases on ES and biodiversity, such as the Biodiversity Information System for Europe*6 (BISE 2017), the Ecosystem Services Partnership (ESP) Visualization Tool*7 or Open Platform (OPPLA*8), reveals large gaps in ORs and OCTs in terms of geographical coverage of ES studies in general and MAES implementation in particular. This database-screening revealed that current efforts focus mainly on continental Europe and adjacent marine regions, leaving the EU overseas areas as blank spots. Therefore, this paper aims to assess the current state of knowledge on MAES in ORs and OCTs in more detail. We present a thorough literature analysis of published peer-reviewed scientific literature on the topic of MAES in EU Overseas to:
1. review past and current ES mapping and assessment efforts, 2.
identify knowledge gaps in the context of ES research and application, including the role of invasive species on ES and 3.
to provide recommendations to future research and policy directions to fill these gaps to contribute to ES mapping and assessment efforts in ORs and OCTs and to reach EU-wide as well as global biodiversity targets.
The paper is structured as follows: Section 2 describes the methodology used to structurally review the ES mapping and assessment efforts in Europe's Overseas. Section 3 presents the results of the literature analysis on the topic, providing the baseline for current efforts, as well as touching upon the threat of invasive species jeopardising biodiversity and conservation efforts. Section 4 discusses the results in terms of geographical coverage of MAES in ORs and OCTS. Furthermore, this section presents current knowledge gaps, such as diverging conceptual frameworks, data and the need for comparability of ES mapping and assessment efforts. This section also provides an outlook for future research and guidance for enhanced policy-making concerning MAES in ORs and OCTs. Cross-cutting conclusions are drawn in Section 5.
Methodology
Our systematic review followed the Preferred Reporting Items for Systematic reviews and Meta-Analyses (PRISMA) statement (Moher 2009). PRISMA originates from medical science and aims to enhance transparency and robustness of literature reviews. We applied rigorous, objective and transparent steps to assess the current state of knowledge. The added value of this reviewing method has been demonstrated by various recent ES studies: synthesis of the current state of knowledge by assessing different ES mapping methods (Martínez-Harms and Balvanera 2012), knowledge gaps in cultural marine ES research (Rodrigues et al. 2017) and for the assessment of marine and coastal ecosystem services ).
Data Sources
The sources of relevant articles for this literature study were tripartite: First, peer-reviewed scientific literature, published in English language, was screened for publications on ES in ORs and OCTs. We selected Scopus (Elsevier) and Web of Science (Thomson Reuters), the two largest scientific databases for environmental and social sciences, for our search. Second, relevant scientific literature (published in English) designed to identify the current status of ES mapping and assessment was obtained from Google Scholar, including to some extent also grey literature. However, grey literature that was not publicly available or not published in English was not included in this review. As a third source, the review included policy documents and empirical studies that were presented during the first MAES OR&OCT expert workshop within the scope of the ESMERALDA EU Project in Ponta Delgada, Azores, from 28.02.-03.03.2017.
Data collection and analysis
The publications were reviewed in four steps (see Fig. 1 ). An initial screening of articles took place from April to July 2017 by searching the scientific databases for key words ("ecosystem services" AND "mapping") and their relevant synonyms (Table 1) for each of the ORs and OCTs individually. Publications were selected based on the search terms in title, abstract or key words, using Boolean operators. Search terms were kept broad to obtain the full range of studies addressing biodiversity, ecosystems and their services.
Keywords referring to ecosystem services Keywords referring to mapping Keywords referring to the ORs and OCTs
"ecosystem" "mapping" Greenland "ecosystem services" "map" Saint-Pierre and Miquelon "ecosystem services assessment" "geospatial" Azores "ecosystem mapping" "geographic information system" Madeira "ecosystem service map" "GIS" Canary Islands "biodiversity" "landscape" Bermuda "biodiversity assessment" "cartography" British Virgin Islands The screening provided 1030 papers divided over the global regions of Amazonia, Macaronesia, the Caribbean, Indian Ocean, Pacific, Polar and Subpolar regions as well as the EU regions and territories in the South Atlantic ( Fig. 1) .
In a second step, articles were catalogued and categorised, using an adjusted version of the ES mapping and modelling blueprint (Crossman et al. 2013 ) and the ESMERALDA project's ES method database (Brown et al. 2018) . Publications were classified according to the following characteristics: In addition, all publications were categorised according to the ES Cascade conceptual model (Haines-Young and Potschin 2010). Afterwards, all screened papers were removed that i) were not related to EU territories, leaving a dataset of 562 publications. Further on, we removed publications that ii) focused solely on biodiversity, iii) did not mention the ES concept or iv) were descriptive in nature rather than focusing on ES mapping and assessment. This reduced the number of included papers to 161 (Suppl. material 8). As the fourth and last step, an in-depth analysis of these remaining papers was conducted, looking at the type of mapping and assessment done in the individual territories, its extent and the current shortcomings and knowledge gaps that need to be addressed in future research.
Results
The number of publications on biodiversity in ORs and OCTs has been growing exponentially (Fig. 2) . The majority of the 1030 screened publications focuses on landscape structures or processes, compiling taxonomic lists, describing landscapes or individual, often endemic species (562 publications). Still, the number of publications focussing on ecosystems and their services lacks behind: only about 20% of all screened papers focus on mapping and assessment of services and benefits that ecosystems provide, leaving a total of 161 publications to be included in this review. 
Geographical Distribution
The 161 ES mapping and assessment publications were spread over all 7 regions (Fig. 3) . Twenty five (25) out of the 34 ORs and OCTs were represented in the publications. Some publications both mapped and assessed ES in multiple regions, thus were counted for each OR and OCT separately. Sixty 60 publications covered the 14 EU-related islands in the Caribbean region (31%). The European territories in the Pacific were covered by 39 publications (21%). Macaronesia and the Indian Ocean were covered by a total of 29 and 32 studies each, followed by the four territories in the South Atlantic (12 publications). The eight polar-and subpolar territories were following with 10 publications, of which 8 cover ES and 2 ES benefits or valuation studies. Amazonia, with French Guiana as only country in this region, was least represented with 7 ES mapping and assessment publications, of which 4 focussed on mapping ES and 3 studies handled benefits or monetary assessments. This trend of ES studies outnumbering benefit studies could be observed for all regions (regional overviews can be found in the Suppl. materials 1, 2, 3, 4, 5, 6, 7).
A higher number of studies was expected in the ORs, because of their closer legislative and administrative bonds with their respective EU Member States. However, this expected trend was not confirmed by the data. There were no clear differences between numbers of publications on ORs and OCTs or between northern or southern hemisphere. The numbers ranged from 4 publications in Guadeloupe to 18 on the Azores, which was the overall highest number on ES mapping and assessment-related studies in one of the regions considered in this review. Overview of ecosystem types described in the 161 ES mapping and assessment publications and the spatial extent at which they performed (global, multi-national, within the EU context, island group, island level or local). Publications that did not define any spatial scale of analysis were classified as 'undefined'.
The majority of publications explicitly mentioned the ecosystem type in which the mapping activities took place (Fig. 4) . Within the 161 ES and benefit publications, an average of 2 ecosystems were mapped or assessed per publication. Most frequently, coastal and marine ecosystems were addressed (77, 74). Forty publications did not define the ecosystem type in which mapping and assessment took place. With 37 studies, woodlands and forests were the fourth most dominant land use types in the study regions, closely followed by cropland and agriculture (37). With only 17 publications, urban ecosystems received the least attention concerning mapping and assessment of ES. Habitat types such as deserts, tundra or ice and rock were included under type category "other", as in Kubiszewski et al. 2016 .
Short summary of the analysed studies
After presenting the results of the systematic review of the mapping and assessment studies, a short overview of the information included in the publications is given. This overview elaborates the ES classification, spatial coverage as well as the enormous impacts of invasive species on ecosystems in ORs and OCTs. The 161 publications included 72 ES mapping studies, 85 ES assessment papers and 28 review papers ( (168); (e) ES described in literature (233) and (f) input data used in publications (264). Multiple counts per study were possible.
The ES classification applied in the study was left undefined in 82 publications (48%). For the publications that defined the ES classification, authors mostly used the TEEB*9 (14%) and the Millennium Ecosystem Assessment classification system (16%). 17% of all studies do not clearly define the classification of services described. Only 1% of all reviewed papers (i.e. 2 papers) applied the CICES classification (Picanço et al. 2017a, Pereira and . Looking at the ES typology, we found that almost 30% of all reviewed papers mapped and/or assessed provisioning ES. 24% referred to regulating ES and, independently of the classification system used to categorise the ES, 20% of all publications did not explicitly define any specific ES. These non-defined ES can partly be explained by the fact that monetary valuation of ecosystem types or aspects was often uncoupled from the individual ES provided in a specific ecosystem. With 17%, cultural ES was the least covered ES category in ORs and OCTs (Fig. 5) .
Spatial scales used to describe the individual ES in the publications were heterogeneous. 53 studies referred to global and multi-national scales. That means that more than half of all publications that describe ecosystems and their services used maps with comparably less detail and lower resolution. 12 publications mapped or valued ES for island groups and 40 publications referred to specific ORs and OCTs. Only 3 publications compared the ORs/OCTs and their respective EU Member States (e.g. Quintas-Soriano et al. 2016 , Russi et al. 2016 , Murillas-Maza et al. 2011 . Notably, the majority of studies covers coastal and marine ecosystems mapped on global and international scale.
Discussion
The results show that the number of ES mapping and assessment publications in European OR and OCTs has been constantly increasing. In the following, we will discuss past and current ES mapping and assessment efforts, knowledge gaps and future research needs.
Past and current ES mapping and assessment efforts
In EU comparison, most ORs and OCTs still show slightly skewed publication numbers in a) geographical coverage and b) spatial scale. The lack of ES maps can be explained by three factors. Firstly by the fact that such efforts usually take place on local scales and refer more to policy than to scientific levels. Therefore, peer-reviewed publications are often lacking for ORs and OCTs. Even though this review considered grey literature, existing efforts that are of internal nature and not publicly available could not be included in this review. Secondly, the remoteness and relatively small size of most regions encroach upon the importance of ORs and OCTs, because their contribution to EU Member States is often small in terms of economic impact or benefits . Therefore, coordinated MAES efforts are still rare, with no coherent databases in which ES mapping or assessment studies have been published. Thirdly, data availability and research efforts are still scarce in ORs and OCTs. Whereas continental Europe provides detailed ecosystem maps and land use and land cover data, the EU overseas areas are still much less explored and data collection on an island scale is expensive. Our results show that only where universities have become involved in ES mapping, assessment, data collection and ground truthing, good efforts can be seen, such as on the Azores or Bonaire and Sint Eustatius in the Dutch Caribbean.
b) In terms of spatial scale, the review showed that mapping and assessment of ecosystems and their services takes place on multiple scales, including local (e.g. provisioning ES of fishing capacity and effort (Thiault et al. 2017) ), regional (e.g. cultural ES of experiencing marine wildlife (Roberts et al. 2017) ) to global (e.g. regulating ES of hazard risk reduction provided by coral reefs (Ferrario et al. 2014) Hence, both geographical and spatial coverage show fragmented ES mapping and assessment efforts in EU ORs and OCTs. Based on this fact and the general outcomes of the review, the following knowledge gaps were identifietd.
Knowledge gaps
Several knowledge gaps related to dealing with diverging conceptual frameworks, lacking knowledge on mapping and assessing island ES, the role of key biodiversity areas and marine protected areas, applied methods as well as information sharing, were identified for the ORs and OCTs:
a) The lack of common conceptual frameworks to analyse ES seems to be obvious in ORs and OCTs. Rather, a broad variety of concepts was found within the publications. The European Commission has set up a common conceptual ES framework within the EU Biodiversity Strategy ). This framework builds upon the Common International Classification of Ecosystem Services (CICES*3) and tries to ensure consistent approaches . EU wide, CICES is applied broadly. However, in the ORs and OCTs, only two studies using CICES were found (in the Azores; Cerqueira et al. 2015 , Picanço et al. 2017a ). This low application rate of CICES was surprising and, considering the efforts to implement MAES in ORs and OCTs, it gives rise to the following questions: Is CICES sufficiently known outside of mainland Europe? Is it too complex or too new to be applied? Or does it just not fit the ORs and OCTs, be it due to the geographic characteristics (e.g. specific land use types and related ES; small area effects), the remoteness of the territories or their special situation, leading to a shift in focus out of EU efforts? Although the MEA classification has found much more application in ES mapping and assessment publications, still different conceptual frameworks have been applied. Hardly any mapping publication in this review used the same methodologies or used the same indicators to map ES. Only amongst the economic assessment publications, congruencies in methodologies was found. An example of consistent ES valuation throughout a whole region is shown by the extensive works assessing the economic value of ES in the Dutch Caribbean (Slootweg and Van Beukering 2008, Schep et al. 2012 , van der Lely et al. 2013 , van Zanten et al. 2014 , Tieskens et al. 2014 ). These studies mainly applied the TEEB classification and used economic valuation methods such as Contingent Valuation, Willingness to Pay or Total Economic Value.
b) This literature review showed a general lack of knowledge on mapping island ecosystems and the services they provide. As the current MAES efforts mainly focus on specific ecosystems, adjusted for continental Europe, comprehensive island ES maps are lacking. This review shows that trends observed in ES research in ORs and OCTs differ from European MAES efforts. Most comparable (global) literature reviews have found a strong focus on regulating ES (e.g. Malinga et al. 2015 , Martínez-Harms and Balvanera 2012 . Our review, looking solely at ORs and OCTs, however, highlights that, in most studies, provisioning ES were mapped or assessed (74), followed by regulating ES (58). Cultural ES were mapped the least, with only 42 publications. This can probably be explained through the strong reliance of ORs and OCTs on marine and coastal ES related to tourism or fisheries. The diverging conceptual frameworks adopted in the reviewed publications suggest a need to adapt international ES classification systems to regional and local (island) needs.
c) Mapping in ORs and OCTs has often been reduced to key biodiversity areas (KBA) or marine protected areas (MPA) (Knowles et al. 2015 , Fonseca et al. 2014 . However, the relationship between protected areas and the enhanced provision of ES is highly debated (Boersma and Parrish 1999, Halpern et al. 2010) , arguing that the establishment of MPAs is not necessarily leading to increased ES supply. Their efficacy on local scale is acknowledged, however, the flexible nature of resources (fish stock, larvae), the pressure of invasive species and chemical and biological pollutants affecting protected coastal ecosystems and the often inadequate size of the parks are amongst the main criticisms (Boersma and Parrish 1999) . Other scholars argue that, if managed properly, MPAs strongly contribute to species diversity, ecosystem health and tourism (Leenhardt et al. 2015) . Even though the number of MPAs is still growing exponentially since the last decade*10, this review found few comprehensive examples from practice, proving such a positive relation in EU ORs and OCTs. Few publications in the Caribbean and the Azores link MPAs with ES (Leenhardt et al. 2015 , Waite et al. 2015 , Beaumont et al. 2007 , focussing on cultural ES (key species, recreational activities in MPAs (e.g. Donnelly 2003, Roberts et al. 2017) .
Only one study investigated the complex interplay of multiple ES (Leenhardt et al. 2015) but ES supply dynamics related to MPA installations remain unstudied. Not surprisingly, there are few maps of ES provided by OR-or OCT-related MPAs (Green and Donnelly 2003) . Exploring this link will be key in optimising effective management of European MPAs to safeguard the provision of multiple ES simultaneously.
d) Most of the reviewed studies were applying economic and biophysical/ecological mapping and assessment methods. ES supply and demand are, however, embedded in the complex human-environmental system, requiring transdisciplinary research approaches that integrate methods and value domains from ecological, economic and social sciences. Our review found that researchers often apply methods that they are familiar with. Moreover, data sets used for research might contain gaps. As already described by Eppink et al. 2012 , data sets used for ES mapping and assessment might have been collected using inconsistent methods, indicators or leaving out processes crucial for the understanding of ES supply (Eppink et al. 2012) . Therefore, there is a need to apply and interlink methods from different scientific disciplines and to communicate the reliability and uncertainties of resulting ES maps.
e) In addition, ways to store information on ES such as related data, metadata, maps and the like differ. Existing EU platforms to share case studies and publications are largely unused for ORs and OCTs, as the screening of databases like BISE*6, ESP Visualization Tool*7 or OPPLA*8 showed. Here, there is great potential for knowledge, data and information exchange for the future and in support of MAES implementation in EU ORs and OCTs.
The role of invasive species in ORs and OCTs
Biological invasions are a shared problem in all regions -about 25% of all reviewed studies mentioned invasive species and ecosystem disservices linked to alien flora and fauna. With typically limited biodiversity on islands, invasive species can alter ecosystem structures and processes and hence impact the provision of ES (e.g. Vila and Hulme 2017), often with yet unknown consequences. Invasive species such as termites have been mapped or assessed for the Caribbean region (Evans et al. 2013 ) and the West Indian Drywood Termite in the Azores . Such invasive species flourish as trade and tourism increase and remoteness is no longer a geographical barrier (Vila and Hulme 2017). These changes in ecosystems and their services can also be observed in the marine realm, where invasive species are not restricted by any borders and have spread over all oceans, as shown in publications on mapping salmonids in the French Antarctic Territories, amphipods or lionfish in the Caribbean (Lecomte et al. 2013 , RoganFinnemore 2008 van Beukering et al. 2014) . Other examples can be found by the Government of the Falkland Islands, one of the few OCTs that systematically analysed threats and opportunities linked to invasive species (Upson et al. 2016 ). In Macaronesian islands, an exhaustive systematic study was performed to list the TOP100 most invasive species (Silva et al. 2008 ).
Whereas non-native invasive species have long been recognised as the largest cause of species loss in island ecosystems, the link between alien species and ecosystem (dis)services has just recently been established (Yam et al. 2015, Vila and Hulme 2017) and will need to be addressed urgently across EU overseas territories in the near future.
However, exotic and/or invasive species may also provide ES (e.g. alien plants can increase microbial activity) and introduced natural enemies can control pests (Vilà et al. 2011) . Also relevant was the result obtained by Rigal et al. 2018 on the impact of land-use changes on the functional role of exotic and native arthropods in the Azores. The main finding was that there is a potential functional complementarity between indigenous and exotic species, which means that, in agricultural landscapes, exotic species might provide and maintain key ecosystem functions (Rigal et al. 2018) . However, pollinator native species may also contribute to pollination services in human-made habitats and may promote the spread of invasive plants, as seen in the Azores (Picanço et al. 2017b) . Therefore, the link between invasive species and ES or disservices needs further exploration.
Future research needs for MAES implementation in ORs and OCTs
The high number of publications on biodiversity and ecosystem conditions in ORs and OCTs clearly indicates the importance of flora, fauna and habitats of the ORs and OCTs.
As the numbers of publications on invasive species showed, there is an urgent need for nature conservation action. Moreover, there is the need to understand the role of exotic and invasive species on both ES and disservices in island native and human-made habitats. It is also important to identify the role of native insect pollinators or native birds as promoters of disservices, namely on helping plant invasions through, for instance, seed dispersal.
This review has found no studies that were officially carried out under the umbrella of MAES. Only a few studies have effectively identified or defined the goods and services derived from ecosystems and only a fraction of these publications mapped or assessed the respective ES. Past and current efforts are still skewed in terms of geographical and spatial coverage and conceptual frameworks diverge. In addition, data and the process of translating biodiversity and environmental studies into ES maps have still not clearly been communicated. Combined, these three areas of concern lead to limited comparability of studies across the EU, the overseas regions, landscapes and amongst ES maps. Experts criticise that such a broad variability, in technical and contextual aspects, would make it difficult to assess the individual and political value of such studies (Eppink et al. 2012) . Such comparability, however, is needed -at least to some extent -to include the ORs and OCTs in MAES comparisons, within their related EU Member States as well as EU wide.
To enhance comparability between ES mapping and assessment studies, developing a standardised approach or one-size-fits-all solution would be unfavourable for the ORs and OCTs. Due to their immense diversity and special needs, such standardised approaches or lessons learned from continental EU might fail to obtain the data on ES mapping and assessment needed to enhance local decision-making and natural resources management. Rather, a flexible, guidance-based approach based on the vast knowledge on ES mapping and assessment from around the world needs to be developed, taking into consideration the individual ORs' or OCTs' needs. We strongly believe that developing such a flexible guidance for mapping and assessing ES that focuses on smaller spatial scales and finer resolutions can enhance local resources management for multiple, interacting ES bundles and a sustainable land management and biodiversity conservation in ORs and OCTs.
To achieve the targets of the EU Biodiversity Strategy 2020, a stronger emphasis on ES in the governance of ORs' and OCTs' natural resources and policy is needed. The MAES initiative needs much more exposure outside of continental Europe. Rather than solely placing the ES concept in the overseas policy plans of related EU Member States, the ES concept needs anchoring in national nature conservation and decision-making efforts as well as in local societies and cultures of the overseas regions, countries and territories.
Voluntary programmes, such as the BEST initiative, are a step in the right direction. Capacity building amongst relevant stakeholders is required to transfer the ES concept from science into practice.
Concluding remarks: moving forward
Our review shows that current efforts from within the regions as well as from the European Commission to strengthen MAES in ORs and OCTs are still scarce. Nonetheless, general scientific literature on ES mapping and assessment is growing. The NetBiome and EU-BEST projects mark a good beginning with their regional reports of ecosystem profiles and overviews of existing initiatives to protect ES and biodiversity for each region. However, even though there is much information on biodiversity and ecosystems for the seven global regions, a transparent translation into ES maps and assessments still needs to be done. Integrated, standardised ES assessments are often missing and mapping studies often entail scale-mismatches, conducted on global or multi-national scale. Hence, ES mapping and assessment still contribute little to policy and decision-making related to natural resources and conservation management on local or regional scales.
This literature review shows that efforts are still needed for most ORs and OCTs to meet the aims of Action 5 of Target 2 of the EU Biodiversity Strategy 2020. Therefore, we call for the development of a more flexible, guidance-based approach for ES mapping and assessment of EU overseas, including researchers from multiple disciplines and sectors to provide a comprehensive overview of the current status of biodiversity, ecosystems and the services they provide. This requires strong emphasis on MAES from the ORs and OCTs, their related EU Member States as well as from the European Commission. The ESMERALDA project has developed the scientific and methodological background (e.g. Burkhard and Maes 2017) 
